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Structural analyses and reverse Monte Carlo modeling of niobium oxide 
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ڦSummary ڦ
Structural analyses of niobium oxide (NbOx) amorphous film prepared with a sputtering method have been 
performed by using synchrotron X-ray radiation at SPring-8. The composition was determined as Nb2O5·0.8H2O
from the measurements of Rutherford back scattering, X-ray fluorescence, X-ray absorption near edge structure, 
and thermal desorption spectroscopy. Structural information was obtained by extended X-ray absorption fine 
structure and high energy X-ray diffraction measurements. It was supposed from the experimental data that NbOx
consisted of distorted NbOn polyhedra connected by corner- and edge-sharing. Structural models were constructed 
with reverse Monte Carlo (RMC) simulations. In the RMC models, the structural characteristics were successfully 
reproduced, and H atoms were, however, randomly distributed. Then, bond valence sum (BVS) constraint was 
introduced to the RMC simulation. As the results, narrower distribution in BVS was achieved for all the 
constituent atoms, and distinct OH bonds were effectively generated in the RMC model.
Fig. 4. RMC model of the amorphous niobium oxide, 
Nb2O5·0.8H2O optimized with BVS constraint. Green: 
niobium, red: oxygen, and pink: hydrogen. Nb-O and 
O-H bonds are drawn for the respective pairs within 2.8 
and 1.5Å. 
Fig. 8. (right) Distribution of coordination numbers in 
RMC models. Average coordination numbers are given 
in the parentheses.
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Structure and bonding states of glasses
㞴Ἴᚨ㑻 1)㸪ᓮ⏣┿୍ 2)㸪⣚㔝Ᏻᙪ 3) 
Tokuro Nanba1)㸪Shinichi Sakida2)㸪Yasuhiko Benino3)  
ڦ ᴫ せ ڦ
 SiO2࢞ࣛࢫ࡟ Na2O ࢆῧຍࡍࡿ࡜㸪ඹ᭷⤖ྜᛶࡢ㧗࠸ Si㸫O㸫Si ᯫᶫ⤖ྜࡀῶᑡࡋ㸪࢖࢜ࣥ⤖ྜᛶࡢ㧗
࠸ Na㸫O⤖ྜࡀቑຍࡍࡿࠋࡇࡢࡓࡵ㸪Na2Oྵ᭷㔞ࡢቑຍ࡟࡜ࡶ࡞࠸㸪࢞ࣛࢫࡣ࢖࢜ࣥ⤖ྜᛶࡀ㧗ࡃ࡞ࡿ
࡜ࡢ⌮ゎࡀ୍⯡ⓗ࡛࠶ࡿࠋ☜࠿࡟㸪X⥺ග㟁Ꮚศගἲ㸦XPS㸧࡟ࡼࡾ ᐃࡋࡓ O1s㌶㐨ࡢ᮰⦡࢚ࢿࣝࢠ࣮
ࡣ㸪Na2O ྵ᭷㔞ࡢቑຍ࡜࡜ࡶ࡟㸪ప᮰⦡࢚ࢿࣝࢠ࣮ഃ࡬ࢩࣇࢺࡍࡿࡇ࡜࠿ࡽ㸪㓟⣲ཎᏊࡢ㈇㟁Ⲵࡢቑຍ
ࡀ♧၀ࡉࢀࡿࠋࡋ࠿ࡋࡇࡢ᫬㸪Si2p ࡸ Na1s ㌶㐨ࡢ᮰⦡࢚ࢿࣝࢠ࣮ࡶྠ᫬࡟ప᮰⦡࢚ࢿࣝࢠ࣮ഃ࡬ࢩࣇࢺ
ࡋ࡚࠾ࡾ㸪ぢ࠿ࡅୖࡣ࢞ࣛࢫࡢᵓᡂཎᏊࡍ࡭࡚ࡢ㟁Ꮚᐦᗘࡀቑຍࡋࡓࡇ࡜࡟࡞ࡿࠋࡇࡢ⤖ᯝࡣ㸪࢖࢜ࣥ⤖
ྜᛶࡢቑຍ࡜࠸࠺ࡼࡾࡣඹ᭷⤖ྜᛶࡢቑຍ㸦ඹ᭷㟁Ꮚࡢቑຍ㸧ࢆ♧၀ࡍࡿࡶࡢ࡛࠶ࡿࠋ
 ୖグࡢ౛௨እ࡟ࡶ㸪࢞ࣛࢫࢆᵓᡂࡍࡿ໬Ꮫ⤖ྜࡢᛶ㉁࡟ࡘ࠸࡚ࡣ㸪ᗈࡃᾐ㏱ࡋ࡚࠸ࡿ⌮ゎ࡜ࡣ␗࡞ࡿࡶ
ࡢࡶ࠶ࡿࡼ࠺࡟ᛮࢃࢀࡿࠋᮏ✏࡛ࡣ㸪ᙜ◊✲ࢢ࣮ࣝࣉࡀࡇࢀࡲ࡛࡟⾜ࡗ࡚ࡁࡓ㸪࢞ࣛࢫࡢཎᏊ㓄ิࡸ㟁Ꮚ
≧ែࡢゎᯒ⤖ᯝ࡜࢞ࣛࢫࡢ໬Ꮫ⤖ྜ≧ែ࡟ࡘ࠸࡚㸪ࢣ࢖㓟ሷ࢞ࣛࢫ㸪࣍࢘㓟ሷ⣔࢞ࣛࢫ㸪ࡑࡋ࡚࣍࢘ࢣ࢖
㓟ሷ⣔࢞ࣛࢫ࡟㛵ࡍࡿ◊✲ᡂᯝࢆ⤂௓ࡋࡓࠋ
 ࣍࢘㓟ሷ⣔࢞ࣛࢫࡢ໬Ꮫ⤖ྜ≧ែࢆホ౯ࡍࡿࡓࡵ࡟㸪✀ࠎࡢ࣍࢘㓟ሷ⤖ᬗ࠿ࡽࢡࣛࢫࢱ࣮ࢆษࡾฟࡋ㸪
ศᏊ㌶㐨ィ⟬࡟ࡼࡾ࣍࢘⣲࡜㓟⣲㛫ࡢ⤖ྜ㟁Ⲵ QBOࢆồࡵࡓ㸦ᅗ㸲㸧ࠋB3-O-B3 ᯫᶫ⤖ྜࡢ⤖ྜ㟁Ⲵ QB3O
ࢆぢ࡚ࡳࡿ࡜㸪࢔ࣝ࢝ࣜࢆྵࢇࡔ⤖ᬗࡢ᪉ࡀᑠࡉ࡞್࡟࡞ࡗ࡚࠸ࡿࠋࡇࢀࡣ㸪ࢣ࢖㓟ሷ⣔⤖ᬗࡢ QSiO࡛ࡶ
ぢࡽࢀࡓഴྥ࡛࠶ࡿࠋ࣍࢘㓟ሷ⣔ࡢሙྜࡶ㸪ᯫᶫ㓟⣲࡟࢔ࣝ࢝ࣜࡀ┦஫స⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪ᯫᶫ⤖ྜࡀ
ᙅࡃ࡞ࡿഴྥ࡟࠶ࡿ࡜࠸࠼ࡿࠋḟ࡟㓄఩ᩘࡀ␗࡞ࡿ B3-O-B4 ᯫᶫ⤖ྜ࡟ࡘ࠸࡚ぢ࡚ࡳࡿ࡜㸪QB3Oࡢ᪉ࡀ
QB4Oࡼࡾࡶ㧗࠸್࡟࡞ࡗ࡚࠸ࡿࠋ୧⪅ࡢᕪࡣ㸪B3-O-B3࡜ B4-O-B4ᯫᶫ⤖ྜࡢ QB3O࡜ QB4Oࡢᕪࡼࡾࡶ኱
ࡁ࠸ࠋB3-O-B4ᯫᶫ⤖ྜ࡛ࡣ㸪㟁ᏊࡣS⤖ྜࡢ㧗࠸ B3-O⤖ྜࡢ᪉࡟೫ࡗ࡚Ꮡᅾࡍࡿ࡜⪃࠼ࡽࢀࡿࠋ
0.2 0.4 0.6 0.8 1.0
Bond overlap population,  QBO
B2O3-I
B2O3-II
Li2B4O7
Na2B4O7
K2B4O7
B3-O(-B3)
B4-O(-B4)B4-O(-B4u2)
B3-O(-B4)
B4-O(-B4)
B4-O(-B3)
B3-O(-B3)
B4-O(-B3)
B4-O(-B4) B3-O(-B4)
B3-O(-Na)
B3-O(-B4)
B4-O(-B4)
B4-O(-B3)
ᅗ㸲 ✀ࠎࡢ࣍࢘㓟ሷ⤖ᬗ࠿ࡽษࡾฟࡋࡓࢡࣛࢫࢱ
࣮ࣔࢹࣝ࠿ࡽศᏊ㌶㐨ィ⟬࡟ࡼࡾồࡵࡓ㸪B-O ⤖ྜ
ࡢ⤖ྜ㟁Ⲵ QBOࠋBn㸸n 㓄఩࣍࢘⣲㸪Bn-O(-Bm)㸸
Bn-O-Bm ᯫᶫ୰ࡢ Bn-O ⤖ྜ㸪㸩㸸ྠ✀ࡢ⤖ྜࡢᖹ
ᆒ್ࠋ
0.2 0.4 0.6 0.8 1.0
Bond overlap population,  QMO
Si-O(-Si)
Si-O(-B4)B4-O(-Si)
Si-O(-Si) Si-O(-Na)
Al-O(-Si) Si-O(-Al)
B4-O(-B3) B4-O(-B4)
B3-O(-B3) B3-O(-B4) B3-O(-Na)
NaBSi3O8
Na2Si2O5
Na2B4O7
KNa3Al4Si4O16
ᅗ㸳 ✀ࠎࡢ⤖ᬗ࠿ࡽษࡾฟࡋࡓࢡࣛࢫࢱ࣮ࣔࢹࣝ࠿ࡽ
ศᏊ㌶㐨ィ⟬࡟ࡼࡾồࡵࡓ㸪M-O ⤖ྜࡢ⤖ྜ㟁Ⲵ QMOࠋ
Bn㸸n 㓄఩࣍࢘⣲㸪M-O(-M̓)㸸M-O-M̓ᯫᶫ୰ࡢ M-O
⤖ྜ㸪㸩㸸ྠ✀ࡢ⤖ྜࡢᖹᆒ್ࠋ
ڦ࣮࣮࢟࣡ࢻڦ
࢞ࣛࢫ㸪ᵓ㐀㸪㟁Ꮚ≧ែ㸪໬Ꮫ⤖ྜ≧ែ
ڦ ᡤ ᒓ ڦ
1) ኱Ꮫ㝔⎔ቃ⏕࿨⛉Ꮫ◊✲⛉ ᩍᤵ㸪2) ⎔ቃ⟶⌮ࢭࣥࢱ࣮ ෸ᩍᤵ㸪3) ኱Ꮫ㝔⎔ቃ⏕࿨⛉Ꮫ◊✲⛉ ෸ᩍᤵ
ڦ ᥖ㍕ඛ ڦ
↓ᶵ࣐ࢸࣜ࢔ࣝᏛ఍Ⓨ⾜㸪Journal of the Society of Inorganic Materials Japan, 24, 339-344, 2017. 
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ᒸᒣ኱Ꮫ⎔ቃ⌮ᕤᏛ㒊◊✲ሗ࿌ Vol.23  ⎔ቃ≀㉁ᕤᏛ⛉
ᨺᑕගࢆ฼⏝ࡋࡓ㠀ᬗ㉁㓟໬ࢽ࢜ࣈⷧ⭷ࡢᵓ㐀ゎᯒ
Structural Analysis of Amorphous NbOx Thinfilm using Synchrotron Radiation 
ᱞᩜ ๛ 1)㸪ᒸ㔝 ᐶ 2)㸪⣚㔝Ᏻᙪ 3)㸪㞴Ἴᚨ㑻 4)
Go Sajiki1), Hiroshi Okano2), Yasuhiko Benino3), Tokuro Nanba4)
ڦ ᴫ せ ڦ
 ➹⪅ࡽࡣ㸪཯ᛂᛶ RF ࣐ࢢࢿࢺࣟࣥࢫࣃࢵࢱࣜࣥࢢἲ࡛㔠ᒓⷧ⭷ᇶᯈୖ࡟ሁ✚ࡉࡏࡿࡇ࡜࡟ࡼࡾ㸪ࢼࣀ
࢔࢖ࣛࣥࢻᙧែࢆ᭷ࡍࡿ㓟໬ࢽ࢜ࣈⷧ⭷ࢆస〇ࡋ㸪㟁Ẽ໬Ꮫ≉ᛶ࠾ࡼࡧග㟁Ẽ໬Ꮫ≉ᛶ࡟╔┠ࡋࡓ◊✲ࢆ
㐍ࡵ࡚ࡁࡓࠋࡇࡇ࡛㸪ࢼࣀ࢔࢖ࣛࣥࢻ࡜ࡣ㸪nm ࣮࢜ࢲ࣮ࡢ┤ᚄ࡛ᓥ≧ࡢሁ✚≀ࡀᇶᯈୖ࡟ศᩓࡋ࡚࠸ࡿ
≧ែࢆᣦࡋ㸪ࡇࡢ≉ᚩⓗ࡞ᙧ≧࡟㉳ᅉࡍࡿග㟁ኚ᥮ᶵ⬟ࡢⓎ⌧࡜ࡑࡢ࣓࢝ࢽࢬ࣒ゎ᫂࡟ࡣ㸪኱࠸࡟⯆࿡ࢆ
ចࡁࡘࡅࡿࡶࡢࡀ࠶ࡿࠋ⾲㠃ᙧែࡀᮦᩱᶵ⬟࡜㛵㐃ࡋ࡚࠸ࡿࡇ࡜ࡔࡅ࡛࡞ࡃ㸪ග㟁ኚ᥮࣓࢝ࢽࢬ࣒ࡢゎ᫂
࡟ࡣ㸪㟁Ꮚᵓ㐀ࡢ⌮ゎࡀ๓ᥦ࡜࡞ࡿࡓࡵ㸪㓟໬ࢽ࢜ࣈ⤖ᬗࡢ㟁Ꮚᵓ㐀ゎᯒࢆ㐍ࡵ࡚࠸ࡿࠋ୍᪉࡛㸪ࢫࣃࢵ
ࢱࣜࣥࢢἲ࡛⵨╔ࡉࢀࡿ㓟໬ࢽ࢜ࣈࡢከࡃࡣ㠀ᬗ㉁࡛࠶ࡾ㸪ࡑࡢ▷㊥㞳࣭୰㊥㞳ᵓ㐀ࢆ▱ࡾ㸪ᵓ㐀ࢆࣔࢹ
ࣝ໬ࡍࡿࡇ࡜ࡶḞ࠿ࡏ࡞࠸ࠋ๓㏙ࡢ㏻ࡾ㸪ከᵝ࡞⤖ᬗከᙧࢆ᭷ࡍࡿ㓟໬ࢽ࢜ࣈ⣔ࡢ㠀ᬗ㉁ᵓ㐀ゎᯒࡣ㸪ᒁ
ᡤᵓ㐀ࡢከᵝᛶࢆゎ᫂ࡍࡿࡇ࡜࡟ࡶ⤖ࡧࡘࡃ࡜⪃࠼ࡽࢀࡿࠋ
 ᮏ✏࡛ࡣ㸪RF ࣐ࢢࢿࢺࣟࣥࢫࣃࢵࢱࣜࣥࢢἲ࡛స〇ࡋࡓ㓟໬ࢽ࢜ࣈⷧ⭷ࢆᑐ㇟࡜ࡋ㸪SPring-8 ᨺᑕග
᪋タࡢ」ᩘࡢࣅ࣮࣒ࣛ࢖ࣥࢆά⏝ࡋࡓ㠀ᬗ㉁ⷧ⭷ࡢᵓ㐀ゎᯒᐇ㦂ࡢᐇ౛ࢆ⤂௓ࡋࡓࠋຍ࠼࡚㸪ᚓࡽࢀࡓᵓ
㐀᝟ሗࢆ฼⏝ࡋ࡚㏫ࣔࣥࢸ࢝ࣝࣟ㸦RMC㸧ἲ࡟ࡼࡿᵓ㐀ࢩ࣑࣮ࣗࣞࢩࣙࣥࡢヨࡳ࡜ᒁᡤᵓ㐀ࡢ⌮ゎ࡟ྥࡅ
ࡓ௒ᚋࡢᒎᮃ࡟ࡘ࠸࡚㏙࡭ࡓࠋ
ᅗ㸱 㸦ྑ㸧࣏ࣜ࢖࣑ࢻࢸ࣮ࣉୖ࡟ NbOxࢆ〇⭷ࡋࡓ
HEXRD ᐃ⏝ヨᩱ࠾ࡼࡧ㸦ᕥ㸧ẚ㍑⏝࣏ࣜ࢖࣑ࢻࢸ࣮ࣉࠋ
ᅗ㸲 HEXRD  ᐃ࡟ࡼࡿNbOxⷧ⭷/࣏ࣜ࢖࣑ࢻࢸ࣮ࣉ࠾
ࡼࡧẚ㍑⏝࣏ࣜ࢖࣑ࢻࢸ࣮ࣉࡢᩓ஘ࣃࢱ࣮ࣥࠋ
ᅗ㸳 RMC ᵓ㐀ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟࠾ࡅࡿ (a) X ⥺
ᵓ㐀ᅉᏊ㸪(b) EXAFS ࣃࢱ࣮ࣥ㸦┬␎㸧㸪࠾ࡼࡧ(c) 
Nb-O 㒊ศືᚄศᕸࠋⓑᢤࡁⅬ࠾ࡼࡧᐇ⥺ࡣ㸪ࡑࢀࡒ
ࢀᐇ ࡜ RMC ィ⟬್ࠋ
ڦ࣮࣮࢟࣡ࢻڦ
Structural analysis, Amorphous niobium oxide, HEXRD, XAFS, XRR
ڦ ᡤ ᒓ ڦ
1) 㤶ᕝ㧗➼ᑓ㛛Ꮫᰯ ᢏ⾡⫋ဨ㸪2) 㤶ᕝ㧗➼ᑓ㛛Ꮫᰯ ᩍᤵ㸪3) ኱Ꮫ㝔⎔ቃ⏕࿨⛉Ꮫ◊✲⛉ ෸ᩍᤵ㸪4) ኱
Ꮫ㝔⎔ቃ⏕࿨⛉Ꮫ◊✲⛉ ᩍᤵ
ڦ ᥖ㍕ඛ ڦ
᪥ᮏࢭ࣑ࣛࢵࢡࢫ༠఍Ⓨ⾜㸪ࢭ࣑ࣛࢵࢡࢫ, Vol.52(5), pp.362-364, 2017. 
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ҡಅᛯ૨ᴾ
ࢭ࣑ࣛࢵࢡࢫᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸㞴Ἴᚨ㑻࣭⣚㔝Ᏻᙪ࣭ᓮ⏣┿୍㸧
1. ࣜࢳ࣒࢘࢖࢜ࣥ㟁ụࡢ඘ᨺ㟁࡟క࠺ 2-lineࣇ࢙ࣜࣁ࢖ࢻࣛ࢖ࢺࡢᵓ㐀ኚ໬ 
2. SnO-P2O5⣔࢞ࣛࢫࡢᵓ㐀ゎᯒ 
3. Effect of Additives on the Dissolution Behaviour of the Constituent Elements of the 
Municipal Waste Molten Slag
4. ࣍࢘㓟ሷ⣔࢞ࣛࢫࡢሷᇶᗘホ౯࡜࢞ࣛࢫᵓ㐀࡟୚࠼ࡿᙳ㡪ホ౯ 
5. 㓟໬≀࢞ࣛࢫࡢሷᇶᗘホ౯ᡭἲࡢ᳨ウ
6. ᾮᬗ࢞ࣛࢫࡢࣜࢧ࢖ࢡࣝᡭἲࡢ㛤Ⓨ࡟ಀࢃࡿᇶ♏ⓗ◊✲ 

↓ᶵᶵ⬟ᮦᩱ໬Ꮫ◊✲ᐊ㸦ᣦᑟᩍဨ㸸டᓥḠ୍࣭すᮏಇ௓㸧
7. MgFe⣔ᒙ≧」Ỉ㓟໬≀(LDH)࡟ࡼࡿࢠ㓟࢖࢜ࣥศゎࡢ᳨ウ 
8. ຍ‵ CH4ࡢ┤᥋౪⤥ୗ࡛ࡢ Ni0.8Zn0.2/Gd0.1Ce0.9O1.95࢔ࣀ࣮ࢻࡢ᳨ウ 
9. 㔠ᢸᣢ㓟໬ࢳࢱࣥගゐ፹࡜㐣㓟໬Ỉ⣲ࡢే⏝࡟ࡼࡿỈ㉁ί໬ 
10. ࢻࣛ࢖ࢤࣝࢥࣥࣂ࣮ࢪࣙࣥἲ࡟ࡼࡿ࢔࣑ࣝࢼୖ࡬ࡢ Aᆺࢮ࢜ࣛ࢖ࢺࡢᡂ⭷ 
11. ᗫ࢞ࣛࢫࢆཎᩱ࡟⏝࠸ࡓࢪ࣏࣐࣮࢜ࣜࡢస〇
12. 㓟໬ࢳࢱࣥ࡟ࡼࡿࣃࢱ࣮ࣥ⾲㠃ࡢỈ୰᧕Ἔᛶ 

᭷ᶵᶵ⬟ᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸㧗ཱྀ㇏࣭⏣ᔱᬛஅ㸧
13. ࣓ࣝ࢝ࣉࢺ࢘ࣥࢹ࢝ࣄࢻࣟࢻࢹ࣮࢝࣎ࣞࢺࢆᮎ➃࡟ࡶࡘࢹࣥࢻ࣐࣮ࣜࡢྜᡂ࡜
SWCNT࡜ࡢ」ྜ໬ 
14. ࢳ࢜࢝ࣝ࣎ࢽࣝⰍ⣲ෆໟSWCNT/ࣇࣛࣟࢹࣥࢻࣟࣥ㉸ศᏊ」ྜయࡢྜᡂ࡜ගቑឤ
స⏝  
15. N,N’-ࣅࢫ(2-࢚ࢳࣝ࣊࢟ࢩࣝ)-6,13-ࢪࣄࢻࣟ࣌ࣥࢱࢭࣥ[2,3:9,10]ࣅࢫ࢝ࣝ࣎࢟ࢩ࢖
࣑ࢻ༢⤖ᬗࡢ⺯ග≉ᛶ 
16. ༢ᒙ࣮࢝࣎ࣥࢼࣀࢳ࣮ࣗࣈගゐ፹ࢆ⏝࠸ࡓ㔠ᇶᯈୖ࡬ࡢỈ⣲⏕ᡂග㟁ᴟࡢస〇 

⎔ቃ㧗ศᏊᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ᮌᮧ㑥⏕࣭ᒣᓮៅ୍࣭᪂ྐ⣖㸧
17. ⎔≧࣏࢚ࣜࢳࣞࣥ࡜ᫍᆺ࣏࢚ࣜࢳࣞࣥࡢࣈࣞࣥࢻ⣔࡟࠾ࡅࡿ⤖ᬗ໬ᣲື 
18. PETᶞ⬡࠿ࡽㄪ〇ࡋࡓ࣏ࣜ㸦p-ࣇ࢙ࢽࣞࣥࢸࣞࣇࢱࣝ࢔࣑ࢻ㸧ࡢ㧗ศᏊ㔞໬
19. ⧞ࡾ㏉ࡋ༢఩࡜ࡣ␗࡞ࡿࢺࣜ࢔ࢰ㸫ࣝ⎔ᵓ㐀ࡢᏑᅾࡀ⎔≧㧗ศᏊࡢ⤖ᬗ໬࡜ࣔࣝ
ࣇ࢛ࣟࢪ࣮࡟ཬࡰࡍᙳ㡪
20. ࣇ࢙ࣝࣛ㓟ࢆཎᩱ࡜ࡋࡓ㔜ྜ┦ኚ໬࡟ࡼࡿ␗ᙧᚤ⢏Ꮚࡢㄪ〇
21. 㔜ྜ┦ኚ໬࡟ࡼࡾㄪ〇ࡋࡓ࣏ࣜ(p-࢜࢟ࢩ࣋ࣥࢰ࢖ࣝ)࢘࢕ࢫ࣮࢝ࡢ㓄ิไᚚ
22. 㔜ྜ┦ኚ໬ࢆ฼⏝ࡋ࡚ㄪ〇ࡋࡓⰾ㤶᪘࣏ࣜ࢔࣑ࢻ࢖࣑ࢻ⤖ᬗࡢᙧែ࡟ཬࡰࡍ࢔࣑
ࢻ⤖ྜࡢᙳ㡪
23. ࢭ࣮ࣝࣟࢫࢼࣀ⤖ᬗ࠾ࡼࡧࡑࡢㄏᑟయࡢ⤖ᬗ໬᰾๣࡜ࡋ࡚ࡢ᭷⏝ᛶࡢ᳨ウ 

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⎔ቃࣉࣟࢭࢫᕤᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ᮌᮧᖾᩗ࣭ᓥෆᑑᚨ㸧
24. 㔠ᒓゐ፹ࡢ࣋ࢩࢡࣝ⭷ୖ࡟࠾ࡅࡿ⮬ᕫ㞟✚≉ᛶ࡜㔜ྜ཯ᛂ࡬ࡢᛂ⏝ 
25. ⬡㉁࣏࣐࣮ࣜ⏺㠃ࡢỈ࿴≉ᛶ࡜ࡺࡽࡂࡢホ౯ 
26. ࢔ࢽࣜࣥ࡜࣋ࣥࢬ࢔ࣝࢹࣄࢻࡢ⦰ྜ཯ᛂ࡟ᇶ࡙ࡃ࣏ࣜࢯ࣮࣒ࡢ཯ᛂሙ≉ᛶࡢホ౯ 
27. ࣏ࣜࢯ࣮࣒ࢆ⏝࠸ࡓ᪂つࣁ࢖ࣈࣜࢵࢻゐ፹ࡢ๰〇 ̿ࢢࣜࢭ࣮ࣟࣝࡢ⎔≧࢔ࢭࢱ
࣮ࣝ໬཯ᛂࢆࢣ࣮ࢫࢫࢱࢹ࢕࣮࡜ࡋ࡚̿
28. 㔠ᒓࢼࣀࢡࣛࢫࢱ࣮ࡢᙧᡂࢆ┠ᣦࡋࡓ⬡㉁⭷ୖ࡛ࡢ໬Ꮫ㑏ඖἲࡢ㛤Ⓨ 
29. ࢔࣑ࣟ࢖ࢻᡂ㛗࡟ᑐࡍࡿ⭷⏺㠃ࡺࡽࡂࡢᙳ㡪

⎔ቃ཯ᛂᕤᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ຍ⸨჆ⱥ࣭࢔ࢬࣁ࢘ࢵࢹ࢕ࣥ㸧
30. ࣋ࣥࢮࣥࡢ㓟໬࡟㐺ࡋࡓ㔠ᒓ㓟໬≀ゐ፹ࡢ㛤Ⓨ
31. 㓑㓟ࢭ࣮ࣝࣟࢫ࠿ࡽࡢάᛶⅣࡢㄪ〇࡜ࡑࡢ྾╔ᛶ⬟ホ౯
32. ᅛᾮ⣔ᶵᲔ᧠ᢾ᧯స࡟࠾ࡅࡿศᩓ⢏య࡟ࡼࡿ㐃⥆┦ࡢΰྜಁ㐍ຠᯝ
33. Ⅳ໬ࡋࡓ㕲(Ϫ)ᢸᣢᆺ㝧࢖࢜ࣥ஺᥮ᶞ⬡࡛ࡢỈ㖟㝖ཤ
34. ᾋ㐟ศ㞳ἲ࡟ࡼࡿࢩࣜࢥࣥ⣔ᗫኴ㝧㟁ụ⢊ᮎ୰ࡢ୙⣧≀㝖ཤ
35. ࢼࣀࢧ࢖ࢬ✀⤖ᬗࢆ฼⏝ࡋࡓ໬Ꮫࢭࣥࢧ⏝ගࣇ࢓࢖ࣂ࣮࡬ࡢ ZSM-5⭷ྜᡂ
36. ᶵᲔ᧠ᢾ᫬ࡢᅛᾮ㛫≀㉁⛣ື㏿ᗘ࡟࠾ࡼࡰࡍỿ㝆⢏Ꮚࡢᾋ㐟ᣲືࡢᙳ㡪
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̲ٟᛯ૨ᴾ
ࢭ࣑ࣛࢵࢡࢫᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸㞴Ἴᚨ㑻࣭⣚㔝Ᏻᙪ࣭ᓮ⏣┿୍㸧
1. ㏫ࣔࣥࢸ࢝ࣝࣟἲ࡜ศᏊືຊᏛἲࢆే⏝ࡋࡓ BPI࢞ࣛࢫᅛ໬యࡢᵓ㐀ࣔࢹࣝᵓ⠏ 
2. ᅵተ୰ࡢࢭࢩ࣒࢘ࡢ᥹Ⓨᣲື࡟ᑐࡍࡿῧຍ≀ࡢຠᯝ

↓ᶵᶵ⬟ᮦᩱ໬Ꮫ◊✲ᐊ㸦ᣦᑟᩍဨ㸸டᓥḠ୍࣭すᮏಇ௓㸧
3. ຓゐ፹ࢆᢸᣢࡋࡓ㓟໬ࢱࣥࢢࢫࢸࣥගゐ፹࡜㐣㓟໬Ỉ⣲࡜ࢆే⏝ࡋࡓỈ㉁ί໬
4. ࢔ࣝࢥ࣮ࣝ୰࡛ࡢࣆࢥࣜࣥ㓟/ᒙ≧」Ỉ㓟໬≀」ྜయࡢྜᡂ
5. 㔠ᒓ-㓟໬ࢳࢱࣥ」ྜయࡢస〇࡜⇕㟁≉ᛶホ౯
6. Fe-Ni ⣔⇞ᩱ㟁ụ⏝࢝ࢯ࣮ࢻᮦᩱࡢ㛤Ⓨ

᭷ᶵᶵ⬟ᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸㧗ཱྀ㇏࣭⏣ᔱᬛஅ㸧
7. N,N’-ࣅࢫ࣊࢟ࢩࣝ-6,13-ࢪࣄࢻࣟ࣌ࣥࢱࢭࣥ[2,3:9,10]ࣅࢫ࢝ࣝ࣎࢟ࢩ࢖࣑ࢻࡢྜᡂ
࡜ᅛయ⺯ග≉ᛶ
8. Pt(II)ຓゐ፹ࢆᢸᣢࡋࡓ༢ᒙ࣮࢝࣎ࣥࢼࣀࢳ࣮ࣗࣈගゐ፹ࡢከẁ㝵㟁Ꮚ⛣ື㐣⛬
9. ࢹࣥࢻ࣐࣮ࣜ࡟ࡼࡿ⾲㠃ಟ㣭ࢆ฼⏝ࡋࡓࣂࢵ࣮࣮࢟࣌ࣃ࣮/ࣄࢻࣟ࢟ࢩ࢔ࣃࢱ࢖ࢺ
」ྜࣇ࢕࣒ࣝࡢస〇 

⎔ቃ㧗ศᏊᮦᩱᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ᮌᮧ㑥⏕࣭ᒣᓮៅ୍࣭᪂ྐ⣖㸧
10. 㐃⤖Ⅼ࡟࣊ࢸࣟཎᏊࢆྵࡲ࡞࠸୧ᮎ➃࡟ࣃ࣮ࣇࣝ࢜ࣟ࢔ࣝ࢟ࣝᇶࢆ᭷ࡍࡿ࣏࢚ࣜ
ࢳࣞࣥࡢྜᡂ࡜⤖ᬗ໬
11. ࣇࣛࣥ㦵᱁ࢆ᭷ࡍࡿ㧗ᛶ⬟ࣂ࢖࢜ࣉࣛࢫࢳࢵࢡࡢㄪ〇
12. ┤㙐≧࣏࢚ࣜࢳࣞࣥ࡟⎔≧࣏࢚ࣜࢳࣞࣥࢆῧຍࡋࡓࣈࣞࣥࢻ⣔ࡢ⤡ࡳྜ࠸≧ែࡢ
ኚ໬ࡀ shish⏕ᡂ࡟ཬࡰࡍᙳ㡪
13. ࣋ࣥࢰࣅࢫࢳ࢔ࢰ࣮ࣝ㦵᱁ࢆྵࡴ࣏ࣜ࢖࣑ࢻ࡜࣏ࣜ࢔࣑ࢻࡢㄪ〇࡜㧗ḟᵓ㐀ᙧᡂ
14. 㔜ྜ┦ኚ໬ࢆ฼⏝ࡋ࡚ㄪ〇ࡋࡓ࢝ࣉࢺࣥᆺ࣏ࣜ࢖࣑ࢻ⤖ᬗࡢᙧែᆒ୍ᛶࡢྥୖ
15. ┤㙐≧࣏ࣜங㓟࡟ᫍᆺ࣏ࣜங㓟ࢆῧຍࡋࡓ⣔ࡢὶືሙ⤖ᬗ໬࡟࠾ࡅࡿศᒱⅬࡢᙺ
๭
16. 㔜ྜ┦ኚ໬ἲࢆ⏝࠸ࡓ⨨᥮ᇶᆺ࣏ࣜ(4-࢜࢟ࢩ࣋ࣥࢰ࢖ࣝ)⤖ᬗࡢᙧែไᚚ

⎔ቃࣉࣟࢭࢫᕤᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ᮌᮧᖾᩗ࣭ᓥෆᑑᚨ㸧
17. ⾑⟶ෆືែࡢᨵၿࢆ┠ᣦࡋࡓ┬ࣉࣟࢭࢫ࡞࣏ࣜࢯ࣮࣒㸫㧗ศᏊ」ྜయࡢㄪ〇࡜≉
ᛶホ౯
18. ࢔࣑ࣟ࢖ࢻEࢱࣥࣃࢡ㉁ࡢ࢔࣑ࣟ࢖ࢻᡂ㛗࡟㛵ࡍࡿ㏿ᗘㄽⓗゎᯒ 㸫㐣㣬࿴ᗘ࡜ᡂ
㛗ᢚไࡢホ౯㸫
19. ⬡㉁⭷ࢆࢯࣇࢺ⏺㠃࡜ࡍࡿ᪂つ࡞ᬗᯒἲࡢ㛤Ⓨ 㸫ࣜࢰࢳ࣒࢘ࢆࢣ࣮ࢫࢫࢱࢹ࢕࣮
࡜ࡋ࡚㸫
20. ┬ࣉࣟࢭࢫ໬ࢆ┠ᣦࡋࡓ⸆≀㏦㐩ᢸయタィࡢࡓࡵࡢᶵ⬟ᛶ࣌ࣉࢳࢻࡢ≉ᛶホ౯
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21. ࣋ࢩࢡࣝࡢࢯࣇࢺ⏺㠃࡟ࡼࡿ㗪ᆺຠᯝ 㸫࣏ࣜ࢔ࢽࣜࣥ㔜ྜ཯ᛂࢆࢣ࣮ࢫࢫࢱࢹ࢕
࣮࡜ࡋ࡚㸫
22. ࣐࢖ࢡࣟὶ㊰ෆࢫࣛࢢὶ࡛ࡢ≀㉁⛣ື≉ᛶࡢホ౯࡜⏺㠃ࡺࡽࡂࡢᙳ㡪

⎔ቃ཯ᛂᕤᏛ◊✲ᐊ㸦ᣦᑟᩍဨ㸸ຍ⸨჆ⱥ࣭࢔ࢬࣁ࢘ࢵࢹ࢕ࣥ㸧
23. ᾮ㠃࡬ࡢ⢏Ꮚ྿ࡁࡘࡅ᫬ࡢᅛ㸫ᾮ㛫≀㉁⛣ື㏿ᗘ࡜⢏Ꮚ౵ධ῝ࡉ
24. ᶵᲔ᧠ᢾ᫬ࡢᾮ㸫ᾮ㛫ΰྜࣃࢱ࣮ࣥ࡜ὶື≉ᛶ
25. NH3ࢆ⏝࠸ࡓ CO2࣓ࢱࣥ໬࡟࠾ࡅࡿ Ru ᢸᣢゐ፹࡬ࡢ࢔ࣝ࢝ࣜ㔠ᒓࠊ࢔ࣝ࢝ࣜᅵ㢮
㔠ᒓῧຍࡢຠᯝ
26. Effect of iron-cerium oxide catalysts on steam gasification of rubber wood sawdust

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